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RADLATION DETECTORS AS SURVEILLANCE MONITORS*

Paul E. Fehlau and Edward J. Dowdy

Los Alarm National Laboratory
Los Alamos, New Mexico

TineInternational Atomic Energy Agency (MEA)
proposes co use personnel dosi=try radiation
detectors ●s surveillance monitors for safeguards
purposes. St plans to place these YES/NO
smnitors ●t barrier penetration points declared
clmed under IAEA safeguards to detect the
passage of plutoniumbearing nuclear material,
usually spent fuel. For this application, we
surveyed commercially available dosimetezs as
uell ●s other radiatio~:detectors that appeared
suitable and likely to be ~rketea in the near
future. tie found no pri~ry =k-antage in a
particular detector type beceuse in this
●pplication backgrouz=s vary Ciiri3g 10ng coufiting
iatervals. Secontiay.- ccr.si=erationss?ecify that
the ~:itor be inex;=nsi”:eane Easy to :amper-
prooi, interrcga:~, and =.aictaic. On this basis
Ge seleccec!7atiic;T:c:GluEinesce-.K. :E.enzolum.ines-
cent, anti•~ec::-:“.::.iosir.E:eY5as psssible
r2-u:inencni:c:s; ::E la::er :=: r-.ayprove useful
c..2.-ca:a-kase acy.isi:icn.
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~ar ~nacreatieds;r”.-~illaace of barrier

penecsacions, the 1A% cur~tly uses Toshiba**
glass radiacioa dosime:ers enclosed in a
=etal seal co de:act undeclared movement of
safag~ardec nuciea: -dcerial, especially
i::a=iated Euei elements. The glass
=acia;ko:ol”u=ir.esce=t(h?’L)Gosiraetersare

*
This km=’kh-assupported ity the U.S. Deparmmt
a= Scs:e :k.raugh:ne Internati.mal Safeguards
~rojec: office ●t ~rook~aven ~atiom~ Laboratory

tieJarccwmcof Energy contract

Co., Ltd., Tokyo, Japan.



simple, compact, low cost, ●nd camper-indicating
(when used in a seal). Eecause these dosimetera
may no longer be available in the future, the
IAEA authorized US, under the U.S. Program for
Techaical A8eistance to MEA Safeguard, co
evaluate alternative candidates.

SURVELLIANCE MONITORING

Surveillance monitoring for IAEA StifegUardS
requires that a monitor be @asily installed,
retrieved, and read, and that it survive long
periods (up to one year) of operation without
maintenance or external power. Thus, passive,
solid state, or chemical dosimeters have a
distinct advantage over ethers, such as
electro[.icdosimeters, that require line power.
At present, monitors do not record a time-history
during operation, but simply integrate data for
an entire monitoring period.

ln a surveillance monitor, the criterion for
deteccing diversion is to compare a monitoring
period measurement with a lwvel derived from
previous experience under background conditions.
The optimal choice for setting an alarm level
uscs the maximum average background expected at n
location plus an increment that is large enough
LO provide an acceptably low false nlarm rate.
The iuvel should be well nbove the mvan, yrllaps
by as much as a factor of five, as Scha*r
rucun:mcncls in his evtiluationof RPL monilur~, In

,ilnyevcllt , the detuction criturion will bc that
thl? incoming tiignal plus the normnl backgruuIld
must cxcccd aonm multiple of the expected
buckyruunrl,



Zs.

we can s:a:e :ke =ini~u=
as

detection range is usciul as ● uasure of
per~or~nct; the mni~or with che highest
dececrion :a:ge i- best. The range improves when

t~.e velscicy decreases, when the multiple of
background decreases, or uken clmnges in
detec:ors ●re made chat increase the signal
without corresponding increase~ in background.
Ic general, ac i-crease in det=ctor ●fficiency
has m beneficial ●ffect because iz increases
5ackground ●d signal by the same factor. Ihia
resul: is i~ sharp contrast to other safeguards
noni:ar requirements where cne background is well
kaawn, ar its history is folioued, ●llowing an
ala= level derive! frou the standard deviation
co be uses.

Ba:kgrouad-following mnitcrs signml ●

ciwrsion uhea ● current wasu:ement exceeds ●

continuously updated background count by ●

mltiple of the stmda:d deviation of the
backgrourmd. The ●la= coadition cm be stated ●

dS+ B>B+&.

‘~%en the ❑onitor sample interval is long
●nough to detect ● diversion la ● sing~e cmmt,



has no benc~:.cial effect because it increases-
background aed signal by the same iactor. This
result is in sharp contrast to other safeguards
rnnicor requirements where the background is well
‘knwn , or its h,istory is followed, ●llowing an
alarm level derived froa the titandard deviation
co be used.

Background-following monitors Signal &?

tiivtrsion when a current measureuznt exceeds a
coacinuousiy updated background count Qy a

mltiple of the standard deviation of the
background. The alarm condition can be stated as

}-fienthe tonito: sa~ple interval is long
enou~h to Ge:ect a diversion i~ a sicgle count,
the dececced signal is again

lTSr.—
rcv

sac :ne aet~ction range is



k-t began tne survey by exa=ining the ML
=G5i=e:er~ ●nd p:ccee:=d co look at the:mo-

lG=iaesce:: cosi=e:ers, fii= badges and ion
~F.a=.~crs , p>o:oche=i:al dmimeters, superheated
::c; e=tec:ors, electronic pocket tcsir.eters,●nd
::?.e: ie:e::c:s. A b:iei descripcian of ●ach
:“:siv~:er~r ce:ectc: :ype ●nd how it rmets the
:3<-:ire~ncs for surveillance manitGring fcllokw.

Tlhe 1~’s ~rese=: surveillance so~ito:ing
:%c:.aiqueuses *L dosir~ters t.nat h=~inesce
-:.de: ul:ravioiet (w) radiation after ●xposure

7:0 iosizing raeiatioc.- Absorp~50n bands in
:?e near uv ran~e are formed duriag irradiation;
&4rL3g reaccuc interrogatiorl,illur.inatlonin
:kaL band ;roduces lu~inescence prcpmtional to
:i.e irraciacion cose. The readout process does
=OC descmy the abso:pcion banas, thus, repeated
:eaaings =Ay be used to verify ●n initial reading
cr co in~rease the precision of the readout
result.



irop deteccors, ●lectronic pocket cosirwters, ●nd
stk.es detectors. A briei description of ●ach
:osi-~:er or detecto: type ●nd how it ~ets the
:*quirements for surveillance monitoring follwm.

Tle 14EA’9 preseac surveillance rzonito:ing
:ec%nique uses R?L aosiceters that luminesce
uader ultraviolet (uv),radiation ●fter ●xposure
:0 ionizing radiacion.- Absorpcion bazds in
:ne near uv ran~e are formed during irradiation;
Cdriag readout interrogation, illuxiration in
:kac band ;roduces luminescence proportional to
:he ir=scistion aose. Tine readout process aoes
:QC destroy the absorption bands, :%Js, repeated
zeatiingszdy be used to verify an initial r~atiing
cr LO in~rease t-ne Frecision of the readout
:esult.

Gtner advantages of :he REELaosi~e:er ●re its
sea:l size reiative :0 o:her dosi=e:e:s (Fig. 1),
---- “reaen:s,.=.K 05 power req-=a ease of :z=pez-
;zzcfiz~, and =eiacive Frcedo= :ros signal
-“-..-:--
------== ?ie %,?Ltissi=.eceris seasizi-:eto ga=k
:~:~aiic~ and can be xsde aeutzon seasi:ive %en
-se: wi:a external converters cr ir.~ersal
:=s::: ● :s cr scactera:s.



RL:io:hernolur.iaes:ent {TUI) tosim.eters trap
. ..--z:.c-:~:.. . .. z.e:ss:z:. e sca:es itiring irradiation;

. .
ilg$i: is ezic:ed whez :?e tra?pea energy is
reiezsec by heat durizg the reading process. 3

:<d:~ 7.ZiEZiZiS Cis;;Z~ :k&!=O~U%iiI12SC211Ce.

Cc-==.e=cial uasi=:ers Co==nly use LiF or CaF
:r-5::cn:ain activators. l,irhiuz-iluoride may be
::Se< :-~.= gat=a-ray or neucran dosimetry. Neutron
<ssic*cry is czrried o~t by comparing calibrated

7LiF c;:ips,which haveaatllral LiF chi?s with
=cgligi.bleaeutroa sensitivity. Lithium-fluo=ide
cosine:ers can either be purchasei directly ar
;rcvided by a dosiaetry service.

TLDs are snail, which makes them easy to

~=pe=-Frcof and pe~ics multiple chips to be
used for precision or reliability. The
dosi~eters require no power, are inexpensive, and
can be provided by a dosimetry service, which
reduces the cost of monitoring. TLD dosimaters
have c-o rzjor drawbacks: latent exposures are
erzsed by heat and their smallness ❑akes it easy
to shield then from radiation during a diversion.

Film Badges and Ion Chambers

Common personnel dosimeters based on
?noccgraphic film and electrostatic charge
collection are unsuitable for the lfi~
application for a number of reasons.4 Charge
leakage limirs the ion chamber to short duration
measure7aents. Film is expensive, requires an
inordinate amount of time and effort to read, is
not reusable, and blackens on exposure to light,
extreme heat, pressure, and chemicals. Moreover,
the Latent iuage fading rate increases in a warm
humid enviranme=.t, such as would be the case for
irradiated fuel surveillance.

?hotochemical Dosimeters

.
Photochemical dosimeters are practical for

surveillance ~nitoring in the f~rm of naner or



Comuxm personnel dosimeters based on
photographic film and electrostatic charge
collection are unsuitable for the IAEA

. .
~PPllcatlon for a number of reasons. 4 Charge
leakage limits the ion chamber to shurt duration
measurements. Film is expensive, requires an
inordinate amount af time and effort to read, is
not reusable, and blackens on exposure to light,
extreme heat, pressure, and chemicals. Moreover,
the latent image fading rate increases in a warm
h’lmid environment, such as would be the case for
irradiated fuel surveillance.

?hotochemical Dcsimeters

.
?hotochemical dosimeters are practical for

surveillance monitoring in the form of paper or
sheets impregnated with colorless precursors of
a highiy colored, stable organic dye. 5 These
are relatively high level dosimeters; those
now available have a cnreshold of perhaps
5 x 104 R. They can be used whereve the
signal 1s large, for example, from recently
irraZia:ed fuel. Thicker pho:ochemical
aosimeters with a lower threshold would improve
their usefulness for the IAEA application.



S~per?iea:ed drop detectors iSSDs) have
potentially ioa background 5ecause they are only
sznsitive to ener~etic radiation. Other
-:- --.-’”~s are:auda..-.=- chey require no power, can be
~a~i~.. : read OU:, are difficult to shield because
of high en~rgy nactron and gamma-ray sensitivity,
zag be read serially at selected intervals, and
have selective sensitivity CO freshly irradiated
fuel . Anticipateti drawbacks are their
sensitivity to heat, co mechanical disturbances,
and so outgassing oi the host gel medium.

?ocket dosiaecer and electronic-film badge
are cerzis that ap?ly to scull battery-operated
radiation inscruaeats used :J measure and
announce che p:esence of a cei?air,dose or dose

~,s Currently, theyrate of ga=-a radiation.
are useti :0 dezecc ?atentially dangerous
rzdiation fields or to act as t:mely personnel
dosi=e:ers in lower dose rate situations.

?o:.Kec dosi~=ce~s basically consist of a

radiation de:e:tar; electronic circuitry to
detect and accu=Jlace dose increments; a display
mechanisa; and a s=all, soaetimes rechargeable,
3actery ?ower soarce. A Geiger-?fueller (CX) tube
is t~ c~xn rziiaiion detector used in pockec
dosimetry 5ecause it is small, simple, .-



Electronic Pocket Dosi=ters

?oc~et ~05i=-ter and electronic-film badge

are zeczs that apply > small battery-operated
:aZiation inscru=em:s used to neasure and
announce the p=esence of-a certain dose or dose

8 Currently, theyrate of 3axA radiacioa. ts
are used co dezect potentially dangerous
ra~iacion iields or co act as tizely personnel
dosi=e:ers in lower dase rate situations.

?o:kec dss<=.=tezs5asically consist of a
radia:ion Ze:e:car; elecironjc circuitq to
ie:ect anti z:cuzdlaze dose increments; a display
aechanisa; and a s=ll, soaetimes rechargeable~
53:Cery yker sxr:e. A Geiger-.%eller (CM) tube
is t:= COF.:.OZ rziiarion detector used in pocket
iosi~~:ry 5scazse ic is small, simple,
inex?eas ive, ani ~as ~odesc potier requirements.
;na Sf caun:er zes~mse =iaics tissue dose
res?azse 3:y :eazs of chin lead shielding that
re<z:es its ino:5{na:eZy high sensitivity co low
.=~~~~y ?ho:cns . ?O%-er requiree.~nts fo= pocket

ti35G7.ez2zs :z?. ie r.i3i=izei tiy using low power
,---->=“..”” [z.?:;!c=sri:a~:~ .aetal-oxide semiconductor)
-. --..i:=-..- --- d , 2+ a ~ox?r sti>zly that ofily functions. .
.~--:-~~.-s3+s#-..- -- - - . “:2?.uf2:c:z2 rs have clai=ed a six-
- .- --- . “ -..... .. . . . l->-:-a---- ---- fzr alkaline 3a:zezies in low
- -..= - :.-.--=-=P -: - A-- - - , -... - - - - : , 52”*-?-.ez, f.2?~O:JZS3C in Suc”n
.--:_- ------ .. ::.. -..-.:= .
. - .. . -- - : ..- . . ,. - ::5 - - - . - - :L-.?.>,:r 2,2:/. .;

. ..-. . . . . . ,--: ---- -.,--- .::.. =~-~ .::+~ :=-:7:: ~{.: ---:.”. .-
. . ------ ..- --- ..” . ..- . ... . . ..:. .:.- ..-. “-”’.-.3= --: -----

-.-:: . . . . . . . . . ..:. -..,”: ..---- --------- --- -
=- ----- ---- ----- ---- ---- --...0

.:?ezz:ion. iec3ar~ea51e batrsries could be
used, but ii the:yare constantly charged wi:hout
periodic deep discharge they can become
conditioned ●nd fail to supply higher levelg of
power uhen it is needed.



He have described in detail the .

characteristics of comerclal ;ocket dosiw:ers
elseuhere.10 The general ct.ii:acteristics that
zake ●lectronic dosi.setersgooc candidates for
surveillance monitoring ar~ cha: ctieyare
relatively inexpensive, little ffected by
enviza:.?.ental hazarcs, easy to read, imqune co
dose kildup or decay, and reusaole. The rain
%Szald to electronic dosinece:s is damage to
circci: boards ca~sed by :~:nanical shock, salt,

11 Eattery failure canor corrosive ataaosphexe.
cause loss of data unless ● separate batkup

:attery for preserving memry is used.
Xicromhonic noise and occasional noisy detectors

are other drawbackz in ;o:g cer:: zonltorirg wiLh
;.xkec dosimeters.

Alternative Detectors

Otner possibilities for IAG surveillance
monitarkag a:e cmre ●laborate electronic nuclear
radiation moniCGrs ●na Lhermal radiztion
de:ec:ors. Infra=ed heat sensors ●xe available
in s=ali, inexpensive un~LS :hac include

cececcion logic. 12 These could be used with

addicionai recording circuitry to detecc the
;assage af :ecently discharged irradiated fuel at
nigh :ecperacures.

More el=borate elnctrefiic mmicors have been

deveio;ed ffir IAEA moniLGriag applications where
● :iae-history of radiation intensity is

t?esircd.13 Su:h a ci~-kisc~:y could be used

for more scllsicive su:veillam-e monitoring where
r.igh count sates chac :esult from diversion would
●ppear in Lhe data against :he background at che

time. It is possible co detecc sh;elding of this
type c: mcmi:or ay ● reliitive decrease iu Lhe
recorded count rate. This method for recording
Li=e-histories could be impler,e:ced by desig:ling
an inscruaenc siuiilar LO the pOCkCL do:imeter but

., .- w. . - :- .:-.
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iavescigaced ●ppear in Tible 11. At present
:here seena co be no ●dvantage :0 re?lacing she

k?: dmimters for IAEA surveiihnce monitoring,

txcepc that ro~:inued cmmercial ●va ●bility of
the caskters is =ot assured. TL2 dosi~et=rs
● re ● reasonable ●lternative, particularly if ●

cGsiaeery servlcg is used, AicF. would ●ll=inate
she aee~ :0 read the dosimetcrs ● t t-he IAEA

headqurcersm &no:ne: ●lcer=at i.~c is ●lectrofiic

d~lsine:ers, but tney wuuld involve a larger
Lr.icialexpen~e :han iLPs ●nd require ●

:.:asonahly lar~e aain:enar.ce e~forc=

.



‘bwea?pzecia:e the :oo??ratic:Aaf the may
c~==ercial vandors %-ho provided infonzation on
=-~rrent aad So=eseea-bie dosi=sters. ‘m-e than-k
>e>zis Vasilik, John !!!barger,and John Foley of
Los .~la~~sazd Art ‘Jaiigara of Elzookhavenwho
gave us valua21e leads to info~atioa used in
L:iisWo:k.
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!)oshmr Co=ericd Rndiacion Range Doa. Rmadout
Typa Availability RQUS8 Datectad (R) J!w!lL ~~dins _—.

RPL quastionabla yos gama 10-3- 103 readar S:ighc

:LD yms
-3y@8 ga=a/nmutron 10 - 10’ readar mdmata

~auma

gamna

..- --- hi@l

10-’ - 107 readar quhwienit:h

neutron ..-

10”3 - 1

---
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